Objective: We aimed to identify barriers for meeting the fruit, vegetable and fish guidelines in older Dutch adults and to investigate socio-economic status (SES) differences in these barriers. Furthermore, we examined the mediating role of these barriers in the association between SES and adherence to these guidelines. Design: Cross-sectional. Setting: Longitudinal Aging Study Amsterdam (LASA), the Netherlands. Subjects: We used data from 1057 community-dwelling adults, aged 55-85 years. SES was measured by level of education and household income. An FFQ was used to assess dietary intake and barriers were measured with a self-reported lifestyle questionnaire. Results: Overall, 48·9 % of the respondents perceived a barrier to adhere to the fruit guideline, 40·0 % for the vegetable and 51·1 % for the fish guideline. The most frequently perceived barriers to meet the guidelines were the high price of fruit and fish and a poor appetite for vegetables. Lower-SES groups met the guidelines less often and perceived more barriers. The association between income and adherence to the fruit guideline was mediated by 'perceiving any barrier to meet the fruit guideline' and the barrier 'dislike fruit'. The association between income and adherence to the fish guideline was mediated by 'perceiving any barrier to meet the fish guideline' and the barrier 'fish is expensive'. Conclusions: Perceived barriers for meeting the dietary guidelines are common in older adults, especially in lower-SES groups. These barriers and in particular disliking and cost concerns explained the lower adherence to the guidelines for fruit and fish in lower-income groups in older adults.
Reducing socio-economic health inequalities is an important challenge, since a low socio-economic status (SES) continues to increase the risk of chronic diseases and early death, also among older adults (1, 2) . One mechanism through which SES influences health inequalities is dietary intake. Diets low in fruit, vegetables and fish are associated with higher mortality risk worldwide (3) (4) (5) and an increased risk of CVD, obesity, type 2 diabetes and certain types of cancer (6) (7) (8) (9) . Lower-SES groups have a greater tendency to consume unhealthy diets and meet the dietary guidelines less often than higher-SES groups (10, 11) . These SES differences are also found among older adults (12, 13) . Information on underlying mechanisms that explain these SES inequalities in dietary intake is needed. This information may contribute to the prevention of diet-related chronic diseases and SES differences in these diseases.
To increase fruit, vegetable and fish intake in the general population, barriers to healthy eating have been identified, including disliking, limited cooking skills, no time to prepare healthy food, perception of high costs, no availability or no motivation to change eating habits (14) (15) (16) (17) . SES differences in these barriers have also been described, where low-income groups spend less money on healthy foods than higherincome groups (15, 18) and low-education groups lack knowledge about healthy eating compared with highereducation groups (19) . Despite the fact that it is important to investigate SES differences in barriers to healthy eating, research among older adults is scarce. Older adults may face specific age-related barriers such as loss of appetite, chewing problems, decreased mobility and limited transport that may all negatively influence food choice and food intake (20) (21) (22) (23) . It is not clear from the literature if the impact of SES on healthy eating and barriers is also present in older adults.
The aim of our study was to identify the main barriers for meeting the fruit, vegetable and fish guidelines in older adults and to examine SES differences in these barriers. More importantly, we tested if specific barriers mediate the association between SES and adherence to the fruit, vegetable and fish guidelines.
Methods

Respondents
We used data from the Longitudinal Aging Study Amsterdam (LASA), an ongoing cohort study originally designed to investigate changes in autonomy and well-being in the ageing population in the Netherlands (24) . In summary, a random sample stratified by age, sex and expected 5-year mortality was drawn from the population registers of eleven municipalities in three geographical areas in the Netherlands. In 1992-1993, 3805 individuals were enrolled in the baseline examination (response rate 60%). In 2002-2003, a new cohort of 1002 individuals aged 55-65 years was added to the study using the same sampling procedures (response rate 55 %). Examinations were repeated every 3 years. The source population for the current study consisted of 2165 LASA respondents who participated in the general LASA cycle [2005] [2006] . They were invited to participate in the LASA Lifestyle Study, a side study conducted in 2007. Eligibility criteria were: age < 80 years, independently living and cognitively well-functioning (Mini Mental State Examination score >23). In total 1421 respondents met these criteria, of whom 1058 completed a selfadministered lifestyle questionnaire (response rate 74·5 %; 326 no response, eighteen refused, eight were not able due to physical problems and eleven were deceased). We excluded one person because all dietary data were missing. The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were approved by the Medical Ethical Committee of the VU Medical Center in Amsterdam, the Netherlands. All respondents gave informed consent.
Socio-economic indicators
We used net monthly household income and level of education as indicators of SES (25) . For household income, we presented several categories of income ranges and asked respondents to indicate the category that corresponded best with their own income. To those who indicated to have a partner with their own income, it was asked whether they could indicate the net income of them together. Net monthly household income was categorized as: high (>1816 €), middle (1135-1816 €) and low (<1135 €). The middle income category covered the Dutch net modal household income of 2007 (26) . For level of education, respondents were asked to indicate the highest level of education that was completed. They could choose from nine categories (no education completed to scientific education). Based on the Dutch education system and transition to the labour market, we defined three levels of education: high (university, college, higher vocational, general secondary, and intermediate vocational education); middle (general intermediate, and lower vocational education); and low (elementary education or less). For respondents with a partner living in the same household, total household income was multiplied by 0·7 to compare incomes of multi-person households with those of singleperson households (27) . Missing values for income (n 48, 4·5 %) were replaced by the most common sex-specific income category.
Potential mediating barriers
We measured the perceived barriers to meet the fruit guideline by asking respondents, 'Which of the following factors are barriers for you to eat two pieces of fruit per day?' Respondents were asked to indicate, from a list of twelve barriers, the two barriers that were most important for their situation. We asked the same questions for barriers to meet the guidelines for vegetables (≥200 g/d) and fish (twice weekly). Items were derived from previous research that investigated barriers to healthy eating (28, 29) and presented in Tables 2, 3 and 4. Respondents could also indicate the option 'Other, being…' and fill out their barrier. We created three composed variables that indicated if respondents perceived any barrier to meet the fruit, vegetable and fish guideline, respectively (yes/no). Respondents were categorized as 'no' if they indicated not to perceive any barriers in the 'Other, being…' option or did not choose any of the presented barriers from the list.
Age-related barriers included depressive symptoms, walk disability and co-morbidity. For depressive symptoms, we used the Dutch translation of the Centre for Epidemiologic Studies Depression scale, with scores ranging from 0 to 60 (30) . A score of ≥16 indicated depressive symptoms (31) . We measured the presence of walk disability with the question, 'Can you walk outside during five minutes without stopping?' We created two categories: 'yes' (no walking, or only with help and difficulties) and 'no' (I can walk without difficulties). Co-morbidity was measured by the number of self-reported chronic diseases including chronic nonspecific lung disease, cardiac disease, peripheral arterial disease, diabetes mellitus, stroke, arthritis and/or cancer. We created two categories to define co-morbidity: 'no' (no chronic diseases) and 'yes' (one or more chronic diseases).
Adherence to the fruit, vegetable and fish guidelines We assessed the intakes of fruit, vegetables and fish by means of a food frequency method to derive information on the consumed frequency and number of food items. This method has shown to be a valid, inexpensive and easy tool to provide a reasonably accurate ranking of intake and to identify persons with a low intake (32, 33) . Respondents indicated how many days per week they usually consumed fruit. They could choose from nine response categories ranging from 'never' to 'every day'. Next, respondents were asked for the number of portions they consumed per day ranging from 'less than one' to 'more than five portions'. To illustrate one portion of fruit written examples were given (one medium-sized apple, two mandarins or a handful of grapes). Respondents also indicated the frequency and number of glasses of fruit juice (fresh/bottled) per day. In addition, respondents indicated how many days per week they usually consumed raw vegetables (lettuce/salads) and cooked/baked vegetables (fresh/tinned, including hotchpotches and pre-packaged meals) where they could choose from nine response categories ranging from 'never' to 'every day'. Next, respondents were asked for the amount of vegetables consumed per day. The amount was expressed in number of serving spoons, which represents 50 g of vegetables per spoon, with seven response categories ranging from 'less than one' to 'more than five spoons'. Lastly, respondents indicated how many days per week they usually consumed fish, with nine response categories ranging from 'never' to 'every day'. This is similar to the method used in the national Food Consumption Survey. Even more importantly, the Dutch fish guideline recommendations are in frequencies and not in amount of fish consumed.
Based on the self-reported dietary intake data, we calculated adherence to the Dutch dietary guidelines for fruit, vegetables and fish. The following criteria were used: (i) two portions of fruit per day (a maximum of one glass of fruit juice (200 ml) to replace one portion of fruit); (ii) four serving spoons of vegetables per day (200 g); and (iii) fish twice per week (24) . In accordance with these guidelines, we did not count potatoes as a vegetable.
Covariates Sociodemographic factors included sex, age and region of the Netherlands (west, north and south). Lifestyle factors included BMI, physical activity in the past two weeks, smoking status and alcohol consumption during the past year. We calculated BMI as measured weight (in kilograms) divided by the square of measured height (in metres squared). We defined physical activity as the average number of minutes of physical activity performed per day including walking, cycling, gardening, performing heavy housework and a maximum of two sports activities (34) . We defined smoking into three categories: current, former and never smoking. Never smokers included former smokers who stopped smoking more than 15 years ago. Categories of alcohol consumption included: no drinking, moderate drinking (less than three glasses per day) and (very) excessive drinking (three or more glasses per day). Partner status was defined as 'yes' (presence of a partner in the household) or 'no' (no partner in the household).
Statistical analyses
We used descriptive statistics to summarize the characteristics of the respondents. Continuous variables were presented as means and standard deviations, whereas categorical variables were presented as relative frequencies. We calculated the frequencies for the barriers to meet the fruit, vegetable and fish guidelines and performed Fischer's exact tests to test for statistically significant differences between SES groups. This test can handle very low cell frequencies.
We scaled the SES indicators as continuous rank scores. Applying these rank scores allows for estimating the relative index of inequality (RII), which enables direct comparison between the two SES indicators (35) . To calculate the RII, a score between 0 (highest SES) and 1 (lowest SES) was assigned to each answer category based on the proportion of respondents above the midpoint in that category with a higher position in the SES hierarchy (for level of income and education separately). For example, if 10 % of the respondents were in the highest education category, respondents in this group were represented by the range 0-0·1 and were allocated the score 0·05 (0·1/2). If 20 % of the respondents were in the next group, then this education group was allocated the score 0·20 (0·1 + 0·2/2) and so on. The RII was then obtained by performing the regression of the outcome v. each of the continuous SES rank scores, and can be interpreted as the odds ratio comparing the most with the least deprived measure of SES.
To assess the barriers as potential mediating variables in the association between SES and adherence to the guidelines for fruit, vegetables and fish, we conducted structural equation modelling using Mplus software (Fig. 1) . We estimated the mediation models separately for income and education levels and for adherence to the fruit, the vegetable and the fish guideline. First, the regression of the SES indicators v. adherence to the fruit, vegetable and fish guideline was performed (c path = total effect). Path a represents the association between the SES indicator and the potential mediating barrier, while path b represents the association between the potential mediating barrier and adherence to the dietary guideline, adjusted for the SES indicators. Thereafter, the association between the SES indicators and adherence to the fruit, vegetable or fish guideline was examined adjusted for the potential mediating barrier (c′ path = direct effect). The mediation effect (a × b) was calculated for each mediator separately. Weighted least squares with means and variance adjusted (WLSMV) estimates were used as the estimation method with bootstrapped confidence intervals. The probit regression coefficient (B) can be interpreted as an odds ratio by calculating exp(1·7 × B) = OR.
We evaluated potential confounding by adding covariates individually to the sex-and age-adjusted models and compared the adjusted estimate with the sex-and age-adjusted estimate. We included variables when they changed the estimate (B) by 10 % or more, which resulted in additional adjustments for presence of a partner in the household and alcohol consumption. We also adjusted the analyses for the other SES indicator. By adjusting simultaneously we investigated the independent associations of the barrier with the SES indicator in question. P < 0·05 was considered statistically significant. Statistical analyses were performed using the statistical software package IBM SPSS Statistics for Windows version 20·0 and Mplus version 6·11.
Results
Characteristics
The total sample included 1057 participants, 555 women and 502 men, with a mean age of 68·9 (SD 6·2) years (Table 1 ). More than half of the respondents had both a middle level of education and a middle level of income. Of the sample, 82·5 % reported to adhere to the fruit guideline, 65·1 % to the vegetable guideline and 31·7 % to the fish guideline.
Barriers
Almost half (48·9 %, n 485) of the respondents perceived any barrier to meet the fruit guideline (Table 2) . Most reported fruit barriers were 'fruit is expensive' (10·5 %, n 106), 'fruit is difficult to store' (8·1 %, n 82) and 'fruit spoils quickly' (7·5 %, n 76). 'Eating out often' (1·0 %, n 10), 'it takes time to buy fruit' (1·9 %, n 19) and 'recommendations for fruit are not clear' (2·1 %, n 21) were mentioned by only a very small proportion of the respondents. Perceiving any barrier to meet the vegetable guideline was reported by 40·0 % (n 405) of the respondents (Table 3) . Most reported vegetable barriers were 'poor appetite' (10·3 %, n 104), 'vegetables are expensive' (8·2 %, n 83) and 'concerns about pesticide residues on vegetables' (6·3 %, n 64). 'Eating vegetables is impractical' (0·6 %, n 6), 'troubles with chewing vegetables' (1·2 %, n 12) and 'persons with whom I eat do not like vegetables' (1·6, n 16) were mentioned by only a very small proportion of the respondents.
Perceiving any barrier to meet the fish guideline was reported by 51·1 % (n 525) of the older adults (Table 4) . Most reported fish barriers were 'fish is expensive' (32·1 %, n 237), 'habits and tradition' (20·1 %, n 206) and 'persons with whom I eat do not like fish' (9·5 %, n 97). 'Recommendations for fish are not clear' (1·9 %, n 19), 'fish spoils quickly' (3·1 %, n 32) and 'concerns about unwanted materials in fish' (3·1 %, n 32) were mentioned by only a very small proportion of the respondents. Differences in adherence to the guidelines for fruit, vegetable and fish by socio-economic status SES differences in adherence to the guidelines are presented in Table 5 and represent path c (total effect). Lower income levels were statistically significantly associated with lower adherence to the fruit guideline (B = − 0·40, 95 % CI − 0·81, − 0·01) and the fish guideline (B = − 0·38, 95 % CI − 0·72, − 0·02). No association between income and adherence to the vegetable guideline was observed. Lower education levels were statistically significantly associated with lower adherence to the vegetable guideline (B = − 0·70, 95 % CI − 1·03, − 0·36). Level of education was not associated with adherence to the guidelines for fruit and fish.
Differences in barriers to meet the fruit guideline by socio-economic status Table 2 shows the perceived barriers to meet the fruit guideline by education and income levels and Table 6 shows the regression coefficients for the associations between education and income levels, potential mediators and adherence to the guideline for fruit. Path a in Table 6 indicates the association between income (column (1)) and education levels (column (2)) and the potential mediating barriers for adherence to the fruit guideline. Lower income levels were statistically significantly associated with a higher probability to perceive any barrier to meet the fruit guideline and to perceive the barriers 'fruit is expensive', 'dislike fruit', 'fruit is difficult to store', 'troubles with chewing fruit' and with having a walk disability. Lower education levels were statistically significantly associated with a higher probability to perceive the barriers 'fruit is expensive' and 'fruit spoils quickly'. Path b in Table 6 (column (3)) indicates the associations between the potential mediating barriers and adherence to the fruit guideline, adjusted for the SES indicators. Perceiving any barrier to meet the fruit guideline and the barriers 'recommendations for fruit are not clear', 'eating fruit is impractical', 'difficult to find tasty fruit', 'dislike fruit', 'poor appetite', 'troubles with chewing fruit' and having one or more chronic diseases all statistically significantly lowered the probability to adhere to the fruit guideline. 
SES, socio-economic status. Statistical significance of the associations: *P < 0·05, ***P < 0·001. †Adjusted for sex, age, alcohol consumption, partner status and the other SES indicator. ‡Level of income and education are scaled as relative index of inequality (score between 0 and 1), comparing the most with the least deprived measure of SES. Table 3 shows the perceived barriers to meet the vegetable guideline by level of education and income and Table 7 shows the regression coefficients for the associations between level of income and education, potential mediators and adherence to the guideline for vegetables. Path a in Table 7 indicates the association between income (column (1)) and education levels (column (2)) and the potential mediating barriers for adherence to the vegetable guideline. Lower income levels were statistically significantly associated with a higher probability to perceive the barrier 'vegetables are expensive' and having a walk disability. Lower education levels were statistically significantly associated with a higher probability to perceive the barrier 'vegetables are expensive'. Path b in Table 7 (column (3)) indicates the associations between the potential mediating barriers and adherence to the vegetable guideline, adjusted for the SES indicators. Perceiving any barrier to meet the vegetable guideline and the barriers 'difficult to find tasty vegetables', 'dislike vegetables' and 'poor appetite' all statistically significantly lowered the probability to adhere to the vegetable guideline.
Differences in barriers to meet the vegetable guideline by socio-economic status
Differences in barriers to meet the fish guideline by socio-economic status Table 4 shows the perceived barriers to meet the fish guideline by level of education and income and Table 8 shows the regression coefficients for the associations between level of income and education, potential mediators and adherence to the guideline for fish. Path a in Table 8 indicates the association between income (column (1)) and education levels (column (2)) and the potential mediating barriers for adherence to the fish guideline. Lower income levels were statistically significantly associated with a higher probability to perceive any barrier to meet the fish guideline and the barrier 'fish is expensive' and having a walk disability. We observed no association between level of education and any barrier to meet the fish guideline. Path b in Table 8 (column (3)) indicates the associations between the potential mediating barriers and adherence to the fish guideline, adjusted for the SES indicators. Perceiving any barrier to meet the fish guideline and the barriers 'fish is expensive', 'persons with whom I eat do not like fish', 'dislike fish', 'fish smells unpalatable', 'poor appetite' and 'habits and tradition' all statistically significantly lowered the probability to adhere to the fish guideline.
Potential mediators
The mediation effects are presented in Tables 6 (fruit), 7 (vegetables) and 8 (fish) for level of income (column (6)) and education (column (7)). The association between level of income and adherence to the guideline for fruit was mediated by 'perceiving any barrier to meet the fruit guideline' (mediation effect: B = − 0·23, P = 0·02) and by the barrier 'dislike fruit' (mediation effect: B = − 0·48, P = 0·04). The association between level of income and adherence to the fish guideline was mediated by 'perceiving any barrier to meet the fish guideline' (mediation effect: Table 6 Associations of income and education levels with perceived barriers to adherence to the fruit guideline (a path), associations of perceived barriers with adherence to the fruit guideline adjusted for the SES indicators (b path) †, association of income and education levels with adherence to the fruit guideline adjusted for the perceived barriers (c′ path) and the mediation effects for income and education levels in 1013 older Dutch participants of the Longitudinal Aging Study Amsterdam Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column (7) Path a income 
Eating fruit is impractical
0·02 − 0·12, 0·30 Concerns about the pesticide residues on fruit
Poor appetite 0·20 0·35 − 0·45*** − 0·31 0·03 − 0·09 − 0·35, 0·14 − 0·16 − 0·45, 0·10 Troubles with chewing fruit 0·91* − 0·67
SES, socio-economic status. Statistical significance of the associations: *P < 0·05, **P < 0·01, ***P < 0·001. †All associations are adjusted for sex, age, alcohol consumption, partner status and the other SES indicator. Table 7 Associations of income and education levels with perceived barriers to adherence to the vegetable guideline (a path), associations of perceived barriers with adherence to the vegetable guideline adjusted for the SES indicators (b path) †, association of income and education levels with adherence to the vegetable guideline adjusted for the perceived barriers (c′ path) and the mediation effects for income and education levels in 1013 older Dutch participants of the Longitudinal Aging Study Amsterdam Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column ( Vegetables are expensive 0·69** 0·58* − 0·08 0·04 − 0·65*** − 0·06 − 0·21, 0·04 − 0·05 − 0·19, 0·03 Vegetables spoil quickly 0·37
It is difficult to store vegetables 0·49 0·22 − 0·01 − 0·02 − 0·69** − 0·00 − 0·13, 0·08 − 0·09 − 0·00, 0·05 It takes a lot of time to prepare vegetables − 0·20 − 0·30 − 0·08 − 0·04 − 0·72*** 0·02 − 0·02, 0·15 0·03 − 0·02, 0·18 Concerns about the pesticide residues on vegetables
Poor appetite − 0·10 0·26 − 0·56*** − 0·08 0·55** 0·05 − 0·20, 0·33 − 0·14 − 0·40, 0·10 Troubles with chewing vegetables
0·03 − 0·07, 0·29 Persons with whom I eat do not like vegetables
Age-related barriers Depressive symptoms 0·00
SES, socio-economic status. Statistical significance of the associations: *P < 0·05, **P < 0·01, ***P < 0·001. †All analyses were adjusted for sex, age, alcohol consumption, partner status and the other SES indicator. ‡Too few observations to perform mediation analyses. Table 8 Associations of income and education levels with perceived barriers to adherence to the fish guideline (a path), associations of perceived barriers with adherence to the fish guideline adjusted for the SES indicators (b path) †, association of income and education levels with adherence to the fish guideline adjusted for the perceived barriers (c′ path) and the mediation effects for income and education levels in 1013 older Dutch participants of the Longitudinal Aging Study Amsterdam Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column ( 
Fish is expensive 0·81*** 0·32 − 0·15* − 0·26 − 0·22 − 0·12* − 0·26, − 0·03 − 0·05 − 0·15, − 0·00 Persons with whom I eat do not like fish
Fish spoils quickly − 0·06 0·56 0·18 − 0·37 − 0·37* − 0·01 − 0·21, 0·11 0·10 − 0·02, 0·37 Recommendations for fish are not clear
Fish bones are unpalatable
It is difficult to prepare fish
SES, socio-economic status. Statistical significance of the associations: *P < 0·05, **P < 0·01, ***P < 0·001. †All analyses were adjusted for sex, age, alcohol consumption, partner status and the other SES indicator.
B = − 0·15, P = 0·03) and by the barrier 'fish is expensive' (mediation effect: B = − 0·12, P = 0·03). We found no mediation effects for experiencing any barrier towards the vegetable guideline and adherence to the vegetable guideline. Experiencing any barrier to meet the vegetable guideline had only marginal impact on the association between level of education and adherence to the vegetable guideline (c′) and this mediation effect was not statistically significant. When we adjusted the associations between the SES indicators and adherence to the guidelines for the statistically significant mediators (path c′ = column (4) and column (5) in Tables 6, 7 and 8), the observed associations diminished and became non-significant, which confirms the statistically significant mediation effects that we showed. Exclusion of the barriers 'dislike fruit' and 'fish is expensive' from the composed barriers 'perceiving any barrier to meet the fruit/ fish guideline' did not change the mediation results.
Discussion
The present study is the first to show that previously observed SES differences in dietary adherence are mediated by barriers to meet the fruit and fish guidelines in older Dutch adults. Our study has several main findings. First of all, perceiving any barriers to meet the guidelines was common, 48·9 % of the respondents perceived a barrier to meet the fruit guideline, 40·0 % for the vegetable guideline and 51·1 % perceived a barrier to meet the fish guidelines. The most frequently perceived barriers in the overall sample concerned the high price of fruit and fish and a poor appetite for adherence to the vegetable guideline. Furthermore, lower-SES groups adhered less often to the dietary guidelines and were more likely to perceive barriers. Lastly, perceiving any barrier to meet the fruit or the fish guideline and the barriers 'dislike fruit' and 'fish is expensive' were mediators and partly explained the findings why lower-income groups adhere less often to the fruit and fish guidelines.
In our study, we found that a lower education was independently associated with a lower adherence to the vegetable guideline and that a lower household income was independently associated with a lower adherence to the fruit and fish guideline. These SES inequalities in diet have been documented in the literature (10, 11, 36) , also among older adults (12, 13) . These results motivate the aim of our study to investigate the potential pathways through which these SES indicators influence dietary adherence in older adults.
The most frequently perceived barriers in the overall sample concerned the high price of fruit and fish. This is in accordance with results in younger adults where the cost of food is related to its nutritional quality, with lower priced products being nutritionally poor and more energy dense v. higher priced products being nutritionally rich and less energy dense (37, 38) .
To our knowledge, no previous study in older adults has focused on barriers that can explain SES differences in diet quality by performing mediation analyses. In the present study, we found evidence for mediating barriers in the associations between SES and adherence to the guidelines. Reporting any barrier to meet the fruit guideline and the barrier 'dislike fruit' partly explained the income differences in adherence to the fruit guideline. Taste is known to be an important factor in food choices (16, 39, 40) . A study in older adults showed that higher intakes of fruit were associated with a greater liking of fruit (23) . Information is limited in relation to whether taste preferences vary by SES, but our finding may provide information on one of the underlying mechanisms. Having a higher income may increase the possibility to try different fruits, leading to a wider taste for different fruits. Trying new fruits represents a risk of waste that lower-income individuals cannot afford to take (41, 42) . Interventions aiming to increase liking of fruit may be beneficial to lower-income groups and have been found to result in improvements in fruit consumption among younger adults (43) . Perceiving any barrier to meet the fish guideline and the barrier 'fish is expensive' partly explained the income difference in adherence to the fish guideline. Price concerns as mediating barriers are supported by the literature among younger adults, where diet costs significantly mediated the link between income and diet quality in American adults (44) . A recent study in adults from Finland showed that price partly mediated the effects of SES indicators on the intake of fruit and vegetables (45) . Studies in adults from Australia and America also provide evidence that SES differences in food cost concerns represented part of the pathway through which SES influenced dietary outcomes (46, 47) . It is reasonable to assume that a lower income affects older people's food choice, especially with regard to fish, since it is known that especially fish is perceived to be expensive (48) . A study in adult women showed that those with the highest income had 90 % lower odds to perceive price as a barrier in fish consumption (49) . Drewnoski confirmed this finding and compared the costs of different foods relative to their energy and nutritive value, showing that fish was responsible for the highest costs per serving (37) . An important question is whether removal of the price barriers leads to a higher intake and better adherence to the fish guideline. Recent studies showed that a price discount on fruit and vegetables increased the purchase of fruit and vegetables, especially in low-SES groups (50) (51) (52) . However, it remains unknown whether price reductions will also lead to an increased fish intake in older adults.
In our study, the association between level of education and adherence to the vegetable guidelines was not mediated by any barrier. A possible explanation could be that fewer barriers were perceived for adherence to the vegetable guidelines. Additionally, price was the most perceived barrier and price is known to be more closely related to income than to education (44) . Education is known to be more related to attitudes towards healthy eating (36) and knowledge about healthy eating (19, 46) . A greater proportion of the participants adhered to the fruit guidelines than to the vegetable guidelines (82·5 % v. 65·1 %, respectively), while perceiving any fruit barrier was actually more common (48·9 %) than perceiving any vegetable barrier (40·0 %). Although this suggests a contradictory finding, it can be explained. The higher adherence to the fruit guideline may in part be the consequence of the fact that a maximum of one piece of fruit per day can be replaced by one glass of fruit juice. This is in accordance with the Dutch dietary guidelines, but it is possible that not all respondents were aware of this and therefore underestimated their adherence to the fruit guideline and perceived more barriers. Another explanation may be that vegetables are more versatile than fruit. Vegetables can be eaten as part of the meal, or in hotchpotches, soups or as a salad. People can choose from many options, while the methods of preparation for fruit are more limited. This could lead to a smaller number of perceived barriers for meeting the vegetable guideline than for the fruit guideline.
Also, the age-related barriers, measured by health and physical variables, did not mediate any of the associations between SES and adherence to the dietary guidelines suggesting that these barriers are of little interest in explaining SES differences. This may seem surprising as health status is known to differ according to SES group and plays an important role in food choices (16) . Since no other studies have investigated age-related barriers as mediators in the association between SES and adherence to guidelines we can only speculate about explanations for this finding. Dietary resilience is a new concept that explains how some older adults eat well despite age-related changes. Food-related motivations, such as the availability of support and the willingness to draw on this support, may contribute to dietary resilience (53) , but future research must find out how dietary resilience is related to SES.
Our study has several strengths. It is the first study that focused on the mediating role of barriers to explain SES differences in adherence to the dietary guidelines in older adults. It extends findings from previous research that showed associations between SES and adherence to the guidelines. The LASA evaluates a large sample of community-dwelling older adults who were selected on the basis of having a good cognitive status, which has the advantage that recall bias due to poor cognitive functioning with regard to dietary intake and other selfreported data is lower. The well-characterized design of LASA enabled us to investigate a broad range of perceived barriers by older adults as well as potential age-related barriers and to adjust for relevant confounders. We also included two measures of SES in our models, which allows a clearer assessment of the SES indicator in question and its association with diet quality. Limitations should be noted as well. The cross-sectional design of the study limits the ability to infer a causal relationship or its direction. Nevertheless, SES is more likely to influence adherence to the dietary guidelines and the barriers for adherence than vice versa. Another potential limitation is that the nutritional assessment method followed, although used widely, has not yet been validated in older adults and so potential reporting bias cannot be excluded. However, an FFQ is a frequently used tool to assess dietary intake among large samples and allows older adults to answer questions related to their diet relatively quickly and easily. Finally, many of the barriers to meet the fruit, vegetable and fish guidelines differed across SES groups, but did not mediate the association between SES and dietary adherence. Some of the barriers were mentioned by only a small proportion of the respondents and the categories became very small and reduced our power. Respondents were instructed to report a maximum of two barriers. This was done to obtain information on the most relevant experiences by our respondents. However, due to this restriction some of the barriers may have been reported less frequently and we cannot exclude that additional mediation pathways may be overlooked by our answer restriction.
Conclusion
The findings of the present large-scale study in older Dutch adults suggest that focusing on barriers to meet the fruit and fish guidelines, and in particular taste preferences and cost concerns, may be important in reducing income inequalities in fruit and fish intakes among older adults. Affordable and accessible healthy foods, and interventions aimed at improving liking of fruits, could potentially increase fruit and fish intakes, especially in populations with lower incomes. Studies in older persons should be conducted to test whether removal of these barriers in fact leads to better dietary adherence. approved the final manuscript. Ethics of human subject participation: The study was approved by the Medical Ethical Committee of the VU University Medical Center (Amsterdam, the Netherlands).
